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(57) ABSTRACT 

An inflatable structure comprises at least two generally tor- 
oidal, inflatable modules. When in a deployed mode, the first, 
inner module has a major diameter less than that of a second, 
outer module and is positioned within the inner circumfer- 
ence of the outer module such that the first module is nested 
circumferentially alongside the second module. The inflat- 
able structure, in a non-deployed, non-inflated mode, is of 
compact configuration and adapted to be transported to a site 
of deployment. When deployed, the inflatable structure is of 
substantially increased interior volume. In one embodiment, 
access between the interior of the first module and the second 
module is provided by at least one port or structural pass- 
through. In another embodiment, the inflatable structure 
includes at least one additional generally toroidal module 
external of and circumferentially surrounding the second 
module. 

13 Claims, 11 Drawing Sheets 
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INFLATABLE NESTED TOROID STRUCTURE 

ORIGIN OF THE INVENTION 

The invention described herein was made by employees of 5 
the United States Government and may be manufactured and 
used by or for the Government of the United States of 
America for governmental purposes without the payment of 
any royalties thereon or therefor. 

to 

FIELD OF THE INVENTION 

This invention relates generally to inflatable structures. 
More particularly, it relates to an inflatable structure compris- 
ing at least two substantially toroidal modules nested within 15 
one another. 

BACKGROUND OF THE INVENTION 

Inflatable structures may be used as human habitats, stor- 20 
age facilities, laboratories, or for other sheltering applica- 
tions. When such a structure is used in a remote or environ- 
mentally adverse region, such as sub-zero regions, 
emergency shelters after harsh weather storms, or outer space 
environments, its deployment can be accomplished effi- 25 
ciently and quickly, minimizing exposure of workers to the 
extremes of weather or other environmental hazards. Addi- 
tionally, such structures can be transported to a desired site 
while in a compact, deflated mode and later deployed by 
inflation at the site to form larger, self-supporting structure, 30 
thereby reducing the amount of space required during trans- 
port. Their use also enables the construction of self-support- 
ing structures of greater size and interior volume but of lighter 
weight than structures made of conventional, rigid materials, 
thereby reducing weight during transport. 35 

The basic construction of an inflatable, cylindrical struc- 
ture or module and its deployment in exoatmospheric space is 
disclosed in detail inU.S. Pat. No. 6,23 1,010 (the ’010 patent) 
and U.S. Pat. No. 6,547,189 (the ’189 patent), both of which 
are hereby incorporated by reference. As disclosed in these 40 
two patents, the flexible outer walls of such inflatable space 
modules are complex structures incorporating multiple layers 
of flexible materials selected to perform their respective func- 
tions. The wall structure of such a module, when the module 
is in its non-deployed mode, is folded upon itself to form a 45 
compact unit. As the module is inflated, gas under pressure 
introduced into the interior of the module increases the inter- 
nal pressure causing the wall structure to expand outwardly. 

In the process, the inflation and outward expansion of the 
module exerts stresses upon the outer wall structure of the 50 
inflatable module. The loads resulting from inflation of the 
module are largely bom by a restraint layer, which is designed 
to sustain the resultant loads. The restraint layer typically 
comprises a webbing formed of multiple, orthogonal straps of 
high tensile strength material such as Kevlar® or Vectran® . 55 

Inflatable space modules have generally included a side- 
wall portion that, in the deployed mode, is a substantially 
cylindrical configuration. For example, the inflatable cylin- 
drical structure illustrated and described in the ’010 and ’ 1 89 
patents comprise longitudinally extending modules having 60 
substantially cylindrical wall portions that are closed at oppo- 
site ends. In some embodiments, the design for such modules 
has included a rigid, longitudinally extending central core 
structure. The webbing of load-bearing straps extend gener- 
ally longitudinally about the module or circumferentially 65 
around the cylindrical wall portion to sustain the loads that 
result as the module is inflated, with the flexible wall structure 
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being expanded to form a semi-rigid, self-supporting struc- 
ture. When inflated and deployed, the structure expands into 
a longitudinally extending, generally cylindrical module, the 
volume of which may be sufficiently large to permit use of the 
module as an orbiting human habitat. 

SUMMARY OF THE INVENTION 

The present invention comprises an inflatable structure 
having at least two inflatable modules which, upon deploy- 
ment, are each of substantially toroidal configuration. In one 
embodiment, the structure includes first and second inflatable 
modules. When deployed, the second module has a major 
diameter greater than that of the first module, and the first 
module is nested circumferentially within and alongside the 
inner circumference of the second module. Means are pro- 
vided for interconnecting interior volumes of the first and 
second modules. In operation, the inflatable structure is trans- 
ported to a desired site or region in a compact, non-deployed 
mode and inflated at the desired site or region to form an 
enlarged, self-supporting structure having at least two, toroi- 
dal modules as interior compartments. In one application, the 
structure is adapted for deployment in exoatmospheric space 
to form a human habitat, laboratory, space station, or the like 
which may be maintained in earth orbit. In other applications, 
the inflatable structure may be deployed on or near the surface 
of the moon, Mars, or other extra-terrestrial bodies. In some 
embodiments, such as for applications in which hazardous 
environments are a factor, means are provided for shielding 
the inflatable structure from radiation and particulate bom- 
bardment. Methods for the initial assembly of the inflatable 
structure before deployment are also described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially diagrammatic, perspective representa- 
tion of one embodiment of an inflatable nested toroid struc- 
ture having first and second inflatable modules and an envi- 
ronmental shield, partially broken away for clarity in 
illustration; 

FIG. 2 is a cross-sectional view of the inflatable structure of 
FIG. 1; 

FIG. 3 is a perspective view of the cross-sectional view of 
FIG. 2 (with the environmental shielding being omitted for 
clarity) that shows portions of a cylindrical core assembly; 

FIG. 4 is another perspective view of the cross-sectional 
view of FIG. 2 showing details of the interior of the first and 
second inflatable modules; 

FIG. 5 is another cross-sectional perspective view, similar 
to FIG. 4, showing an embodiment of an air chamber com- 
municating with the interior of the second inflatable module, 
portions of the cylindrical sidewalls of the cylindrical core 
assembly being omitted for clarity of illustration; 

FIG. 6 is another cross-sectional perspective view of an 
embodiment of the inflatable structure of FIGS. 1-4; 

FIGS. 7A through 7E illustrate a representative sequence 
of stages of an initial construction of an inflatable nested 
toroid structure in accordance with one embodiment; 

FIG. 8 is a cross-sectional, partially diagrammatic repre- 
sentation of the inflatable structure in a non-deployed, non- 
inflated mode; 

FIG. 9 is a diagrammatic, cross-sectional perspective rep- 
resentation of the bladder of the inner toroidal module in its 
deployed mode showing annular interface rings; 

FIG. 10 is diagrammatic representation, similar to FIG. 9, 
of the bladder of the outer toroidal module when deployed; 
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FIG. 11 is a diagrammatic representation of the restraint 
layer of the inner toroidal module when deployed; 

FIG. 12 is a diagrammatic, exploded view of one embodi- 
ment of the restraint layer for the outer toroidal module show- 
ing upper and lower segments; 5 

FIG. 13 is a perspective representation of one embodiment 
of the restraint layers of the inner and outer toroidal modules 
of the inflatable structure; 

FIG. 14 is a perspective representation similar to FIG. 13 
illustrating other components of the inflatable structure to 
operatively connected with core assembly; 

FIG. 15 is a diagrammatic representation of an embodi- 
ment for installing the bladder of the outer toroidal module 
within the outer restraint layer; 

FIG. 16 is a view similar to FIG. 15 illustrating a subse- 15 
quent stage of assembly for this embodiment; and 

FIG. 17 is a view similar to FIGS. 15 and 16 illustrating 
another stage of assembly. 

DETAILED DESCRIPTION OF EMBODIMENTS 20 
OF THE INVENTION 

Embodiments of the invention will now be described with 
reference to the appended drawings, with like numerals refer- 
ring to like elements or components of the embodiments. 25 
While the embodiments illustrated and described herein dis- 
cuss applications of the inflatable structure for deployment in 
exoatmospheric space, other applications and other embodi- 
ments are also within the scope of the invention, as set forth in 
the accompanying claims. The construction of an inflatable 30 
cylindrical module, particularly adapted for deployment in 
exoatmospheric space, is disclosed in detail inU.S. Pat. Nos. 
6,23,010 and 6,547,189. These two U.S. patents are herein 
incorporated by reference in their entirety. Accordingly, ref- 
erence is made to the ’010 and ’189 patents for a detailed 35 
disclosure of an embodiment for the construction of an inflat- 
able module operatively connected to a rigid core assembly. 

Referring now to FIG. 1, an embodiment of an inflatable 
nested torpid structure 10 in its deployed, inflated mode is 
shown resting upon a generally planar supporting surface 12. 40 
For the presently illustrated embodiment, the inflatable struc- 
ture 10 comprises a first inflatable module 14 and a second 
inflatable module 16, each being of substantially toroidal 
configuration when inflated and deployed. The term “mod- 
ule” as used herein refers to a major portion or element of the 45 
inflatable structure. The second or outer module 16 has a 
major diameter greater than that of the first, or inner module 
14, and the first module is nested circumferentially alongside 
the inner circumference of the second outer module. In some 
embodiments, the inner module is also nested concentrically 50 
within the second outer module. Although the embodiment 
shown in the drawings and described in this description com- 
prises two substantially toroidal modules 14 and 16, other 
embodiments of the inflatable nested toroid structure 10 may 
comprise additional modules of toroidal configuration, the 55 
next outer module (not shown) being positioned and extend- 
ing circumferentially around the second most outer module 
(in the case of three modules, the second module 16) with 
each inner module nesting circumferentially alongside and 
within such neighboring outer toroidal module. In other 60 
words, for each additional module, the inner modules nest 
circumferentially within its neighboring outer toroidal mod- 
ule. 

For the embodiment illustrated in FIG. 1, a substantially 
cylindrical core assembly 18 comprising a rigid structure is 65 
also shown nested circumferentially and coaxially within the 
inner module 14. While the appended drawings illustrate 
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embodiments wherein the core assembly 18 comprises a rigid 
structure, the core assembly 18 may comprise an inflatable, 
“soft-goods” section similar to the components of the inflat- 
able modules 14 and 1 6 . In such an alternate embodiment, the 
core assembly comprises an inner-core restraint layer com- 
bined with an inner-core bladder rather than a rigid structure. 

For some space applications, inflatable structure 10 may be 
placed in earth-orbit. In other space applications, inflatable 
structure 10 may be deployed on the surface of the moon or 
planets for use as a human habitat, storage facility, or the like. 
For such space-related applications, the inflatable structures 
are launched by suitable launch vehicles and subsequently 
released from the launch vehicle to be placed in an orbital or 
other desired trajectory or at a particular extraterrestrial loca- 
tion. 

When the inflatable structure is exposed to a hazardous 
environment, whether on Earth or in space, the inflatable 
structure 10 further comprises means for providing environ- 
mental shielding to protect the structure and any occupants 
therein from such environmental hazards . As shown in FIG. 1 , 
for example, an environmental shield 20 is provided as a 
protective covering or sheet that extends over the inner mod- 
ule 14 and outer module 16 as well as the core assembly 18. 
Examples of environmental hazards that the environmental 
shield 20 is designed to protect against include micro-mete- 
oroids, orbital debris, atomic oxygen, and radiation. 

For some applications outside the earth’s atmosphere, the 
environmental shield is designed to protect the modules and 
their interiors from radiation and particulate bombardment. 
For example, if the inflatable structure 10 is intended to be 
deployed on the surface of the moon or a planet, it will be 
subject to dangerous forms of ionizing radiation and the like. 
In such hazardous environments, the environmental shield 20 
may be formed of sheets of radiation-protective materials 
such as water or locally -derived protective materials. 

For some other applications, however, conditions may not 
demand radiation-protective materials for the environmental 
shield 20. For example, if the inflatable structure is to be used 
as a human habitat placed in earth orbit, radiation may not be 
a major factor because of the protection afforded by the Van 
Allen belts. In such an environment, hypervelocity impacts 
with micro-meteoroid orbital debris (MMOD) typically are 
of greater concern, so the environmental shield is designed in 
the form of a MMOD shield (not shown) incorporated within 
or external to flexible outer walls 36 and 38 (FIG. 6) of the 
inflatable modules 14 and 16, respectively. The construction 
and materials used for the outer walls 36, 38, including the 
MMOD shield incorporated within the flexible wall struc- 
tures, are shown and described in more detail in the ’010 and 
’ 1 89 patents and will not be repeated here. The accompanying 
drawings have omitted several layers of the flexible outer 
walls 36, 38 for simplicity of illustration. 

With reference now to FIG. 2, inner core assembly 18, of 
generally cylindrical configuration in the present embodi- 
ment, is shown in cross-section nested concentrically within 
the first inflatable module 14, the first module 14 being con- 
centrically nested within the second outer module 16. The 
first and second modules 14, 16 and the central core assembly 
18 are arranged in a substantially co-planar configuration, 
with the modules 14 and 16 having substantially equal minor 
(i.e., cross-sectional) diameters for its respective toroidal 
configuration. However, the modules 14, 16 need not have 
equal or substantially equal minor diameters. In alternate 
embodiments, the inflatable modules 14, 16 are of differing 
minor diameters (i.e., one larger than the other) as may be 
desired for a particular application. When intended for use as 
a human habitat, the minor diameters of the modules (14 and 
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16) are sufficiently large enough to provide adequate head- 
room and convenient access within and between the modules 
for the occupants. 

FIG. 3 shows the core assembly 18 in greater detail. The 
core assembly 18 serves such functions as structural support, 
storage capacity, and the like. In the illustrated embodiment, 
the core assembly 18 includes first and second cylindrical 
sleeve members 26, 28, mutually spaced and positioned in 
coaxial alignment. In the present embodiment, the sleeve 
members 26, 28 are interconnected by a plurality of elongated 
struts or rods 30 which are attached to and extend between the 
first and second cylindrical sleeve members 26, 28, the rods 
being mutually spaced around the circumferences of the 
sleeve members. In the illustrated embodiment of FIG. 1, in 
which the inflatable structure rests on surface 12, the rods 30 
extend substantially perpendicular from surface 12. A first 
end cap structure 32 and a second end cap structure 34, each 
of circular construction in plan view, are mounted on top of 
the outer end portions of the sleeve members 26, 28, respec- 
tively, thereby serving to close the end portions of the sleeves 
and to increase the rigidity and structural strength of the core 
assembly 18. As will be discussed in greater detail for the 
description related to FIG. 8, the core assembly 18 provides 
support for the inflatable structure 10 when it is in its deflated, 
non-deployed mode (FIG. 8) and support and added volume 
for the inflatable structure when in its deployed mode (FIGS. 
1-6). While of generally rigid construction in the present 
embodiment, for other embodiments that are not shown, the 
core structure may be formed of connecting strut members, an 
inflatable bladder, or a combination of both. 

Referring now to FIG. 4, the first inflatable module 14 and 
the second inflatable module 16 are shown as comprising wall 
portions 36, 38 and flooring 44, 46, respectively. Each wall 
portion (36, 38) further comprises two major components: a 
bladder 86, 82 (shown independently in FIGS. 9 and 10, 
respectively) and a restraint layer 84, 80 (shown separately in 
FIGS. 11 and 12), respectively. In one embodiment, the inte- 
rior walls of inner and outer modules 14 and 16 comprise 
multiple segments, such as segments 39 a, 39 b, and 39c, 
which are mutually intercomiected at their respective circum- 
ferentially extending seams, e.g., seams 40 and 42. 

Referring now to FIGS. 5 and 6, the flooring 44, 46 extends 
laterally across the lower interior volumes of inner and outer 
modules 14, 16, respectively. As shown in FIG. 6, the flooring 
46 may comprise in one embodiment a series of radially 
extending segments or gores (partially shown as 46 a, 46 /?, 
46c) that are stitched together. Flooring 44, 46 may also be 
formed of reinforced flexible sheeting, e.g., reinforced com- 
posite sheeting. Flooring 44 is connected to the lower sleeve 
member 26 of the core assembly 18 and extends radially 
outward therefrom to a common sidewall 52. Flooring 46, in 
one embodiment, is co-planar with the flooring 44 and 
extends radially outward from common sidewall 52 to an 
outer sidewall portion 56 of the second, outer module 16. 

The inner and outer modules 14, 16 are operatively con- 
nected together structurally along common sidewall 52 by a 
connecting means, which as shown in FIG. 6 comprises a 
combination of upper stitching 58c and lower stitching 58 A 
Upper stitching 58c is sewn through overlapping portions of 
the wall structures 36 and 38 and through an upper edge 
portion of common sidewall 52. Similarly, lower stitching 
58/? is sewn through a lower edge portion of common sidewall 
52 and through adjacent, overlapping portions of wall struc- 
tures 36, 38. Accordingly, the wall structures 36 and 38 and 
the common sidewall 52 are all operatively connected in one 
embodiment by stitching. In an alternate embodiment (not 
shown), the wall structures 36, 38 may each extend circum- 
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ferentially around the minor diameters of modules 14, 16, 
respectively, in which case the common sidewall 52 may be 
omitted. In this alternate embodiment, mutually adjacent por- 
tions of wall structures 36, 38 are stitched or otherwise fas- 
5 tened together. In yet another alternate embodiment, the outer 
circumference of the first (inner) module 14 and the inner 
circumference of the second (outer) module 16 may be 
spaced apart from one another and interconnected by a com- 
bination of airlocks, ports, and/or other means for providing 
to access or passage between the interior volumes of each mod- 
ule. 

As shown in FIGS. 4-6, the inflatable structure 10 further 
comprises at least one port or structural pass-through 60 
formed within common wall 52. The at least one port 60 
15 interconnects the modules 14 and 16 and provides access or 
passage between the interior volume of the first module 14 
and the second module 16 such that, during deployment and 
inflation of the structure 10, air or other gas under pressure 
introduced into initially one of the modules (such as the first 
20 or inner module 1 4) also flows into the other module, (such as 
the outer module 16). Accordingly, either module 14 or 16 
may be inflated simultaneously from a single source, such as 
a tank or tanks of compressed air or other gasses (not shown) 
positioned within the core assembly 18. After deployment 
25 and inflation, the at least one port 60 also serves to equalize 
pressure levels within the two modules and to permit crew 
members and/or other occupants to pass conveniently among 
the modules 14, 16. In one embodiment, a door assembly or 
hatch 62 is fitted within the port 60. The hatch 62 includes 
30 seals and locking mechanisms (not shown) that permit the 
hatch to be hermetically sealed by an occupant if it becomes 
necessary to isolate the interior volume of the inner module 
14 from that of the outer module 16. Such a procedure may be 
necessary during maintenance or conditioning work on at 
35 least one of the modules or in the event of an emergency in 
which one of the modules were compromised. An example of 
another embodiment of a port or structural pass-through is 
described in detail inU.S. patent application. Ser. No. 1 1/610, 
295, filed Dec. 13, 2006, entitled “Apparatus for Integrating a 
40 Rigid Structure into a Flexible Wall of an Inflatable Struc- 
ture”, now U.S. Pat. No. 7,509,774, the entire contents therein 
being incorporated herein by reference. 

Conduits, power cables, and the like, represented collec- 
tively as element 63, may be suitably located in the space or 
45 compartment formed beneath flooring 46 or alternatively 
flooring 44. In another embodiment, one or more partitions or 
bulkheads (not shown) may be positioned to extend radially 
from the central core of the inflatable structure within the 
interiors of each module (14 or 16) so as to divide each 
50 module into multiple sections or rooms as desired for a par- 
ticular application. 

As shown in FIG. 5, in one embodiment the inflatable 
structure 10 fiirther comprises an airlock 66 that is operatively 
connected to the outer module 16. The airlock 66 includes an 
55 outer port 68 having a hatch or door 70 that can be hermeti- 
cally sealed along with an inner hatch and doorway (partially 
shown) that enables access to the interior volume of module 
16. The airlock, when it further comprises a suitable pressur- 
ization chamber, permits the ingress into and egress from the 
60 inflatable structure 10 by astronauts or other occupants by 
maintaining the interior at a relatively constant, desired pres- 
sure. Such an airlock 66 may be used in one embodiment 
when the inflatable structure 10 is intended to be a habitat in 
an exoatmo spheric environment under vacuum or near 
65 vacuum conditions or in the presence of hazardous gasses. 
Further, in applications where the inflatable structure lies 
upon a surface 12 such as that shown in FIG. 1, the airlock 66 
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further comprises downwardly extending supports 76, such 
as the fan-shaped structure of FIG. 5, for stability and support 
of the airlock. 

A series of cross-sectional views appearing in FIGS. 
7A-7E illustrates successive stages of preliminary assembly 5 
of the inflatable structure 10 before deployment in accor- 
dance with one embodiment, wherein the inner toroidal mod- 
ule 14 and the outer toroidal module 16 are shown constructed 
with a rigid core assembly 18. Beginning with FIG. 7A, a first 
restraint layer 80 of generally toroidal configuration is pro- 10 
vided for outer module 16. The function of a restraint layer is 
to sustain the tensional forces exerted on the outer flexible 
wall structures of a particular module by the increasing posi- 
tive pressure within such module upon its inflation. The flex- 
ible outer wall or shell of an inflatable module comprises the 15 
restraint layer 80 and several other layers of material, several 
of which are omitted from the appended drawings for sim- 
plicity of illustration. The restraint layer 80 is made of a 
high-tensile strength material such as Kevlar® or Vectran®. 
The restraint layer 80 is represented in FIG. 7A as it would 20 
appear once in a fully inflated, deployed mode. 

The restraint layer 80 physically constrains the module 16 
and prevents it from expanding outwardly beyond its 
designed size and configuration. It also serves to protect blad- 
der 82 from the surrounding environment once deployed, and 25 
it prevents outward deformation of bladder 82 during initial 
assembly. For instance, as shown in FIG. 7B for the second 
step of assembly, bladder 82 is inserted within outer restraint 
layer 80 to its predetermined size and toroidal configuration. 
The bladder 82 is formed of gas -impervious rubberized mate- 30 
rial. During this step of assembly, the bladder is attached to 
the restraint layer at certain indexing locations. Additionally, 
the bladder is sealed to any ports that are integrated into the 
restraint layer such as port 60. 

For the third step of assembly shown in FIG. 7C, a second 35 
restraint layer 84, also of generally toroidal configuration, is 
provided for construction of the inner module 14. The second 
restraint layer 84 is nested within and adjacent to the inner 
circumference of outer restraint layer 80 and is typically 
coaxially centered within and alongside the first restraint 40 
layer 80. Restraint layer 84 may comprise material of similar 
structure as that used for restraint layer 80. 

As seen in FIG. 7D, the fourth step of assembly comprises 
the insertion of a second bladder 86 within the toroidal cross- 
sectional area of the second restraint layer 84. The second 45 
bladder 86 is formed of a generally toroidal configuration and 
may also be formed of a gas -impervious rubberized material. 
During this fourth step of assembly, the second bladder 86 is 
attached to the second restraint layer 84 at certain indexing 
locations and is sealed to any ports that are integrated into the 50 
second restraint layer, such as port 60. 

As shown in FIG. 7E, the fifth step of assembly comprises 
the placement and attachment of a core assembly 18. Core 
assembly 18 is positioned coaxially within and alongside the 
second restraint layer 84 and second bladder 86. 55 

FIG. 8 shows a partial cross-sectional view of an embodi- 
ment of the inflatable structure 10 having a rigid core 18 in its 
deflated, non-deployed mode, after having been pre-as- 
sembled, for transport and delivery to a desired site. In the 
deflated, non-deployed mode, the flexible outer walls 36, 38 60 
(FIGS. 4 and 6) are folded together and extended circumfer- 
entially around the core structure 18, forming a folded bundle 
90 extending around the exterior side portion of core structure 
18. The folded bundle 90 extends circumferentially around 
sleeve members 26, 28 and interconnecting struts 30. The 65 
interior volumes of modules 14, 16 are connected, through a 
valve mechanism or other means for conveying air, to an 
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inflation/deflation means, such as at least one tank (not 
shown) containing air or other gasses under pressure, for 
inflating the modules, or containing a vacuum for situations 
when the modules are to be deflated. The outer dimensions of 
the core structure 18 and the encircling bundle 90 are neces- 
sarily less than the corresponding inner dimensions of the 
vehicle in which the inflatable structure is to be ultimately 
transported to a desired site, e.g., the cargo bay of a launch 
vehicle, and the diameter of the inflatable structure 10 in its 
non-deployed mode as seen in FIG. 8 is substantially less than 
that of the deployed structure viewed in FIGS. 1-6. Although 
the inflatable structure has been described as forming a single, 
compact assembly when in its deflated, non-deployed mode, 
in other embodiments, it may be further supplemented or 
expanded with additional elements, such as additional toroi- 
dal modules, during or after its deployment. Thus, in some 
applications, as may be the case with large, more extensive 
habitats or the like, more than one launch sequence may be 
used to deliver and deploy the inflatable structure. 

Another embodiment for pre-assembly of the inflatable 
structure 10 is illustrated with reference to the series of draw- 
ings given by FIGS. 9-14. For convenience of description in 
the following description of this embodiment, bladder 86 will 
be termed the “inner bladder;” bladder 82 will be termed the 
“outer bladder;” restraint layer 84 will be termed the “inner 
restraint layer;” and restraint layer 80 will be termed the 
“outer restraint layer”. This embodiment primarily differs 
from the previous assembly described for FIGS. 7A-7E in 
that, for this assembly, the outer restraint layer 80 comprises 
two halves or segments 80A and 80B that are attached to one 
another and to inner restraint layer 84. 

Referring now to FIG. 9, inner bladder 86 is shown dia- 
grammatically as configured when the inflatable structure 10 
is in the deployed or inflated mode, the inner restraint layer 84 
(of FIG. 11) and other associated components being omitted 
in this view for clarity in illustration. The upper and lower 
inner, circular edge portions of the bladder 86 are sealingly 
connected to first and second (upper and lower as viewed in 
the FIG. 9) interface rings 102, 104. The rings 102, 104 may 
comprise a rectangular cross-section and have an inner diam- 
eter slightly larger than the outer diameter of the upper and 
lower annular, sleeve-shaped members 28, 26 (respectively) 
of the core assembly 18 (FIGS. 4-6) to permit the rings 102 
and 104 to be fitted circumferentially around and operatively 
connected to its respective sleeve-shaped members during the 
final stages ofpre-assembly, as shown in FIG. 14. The circular 
inner edge portions of the upper and lower portions of the 
inner bladder 86 are sealingly connected to the respective 
upper and lower interface rings 102, 104, by bonding, 
O-rings, or other sealing methods, such as the manner shown 
and described in U.S. Pat. Nos. 6,231,010 and 6,547,189, and 
incorporated herein by reference. 

Referring now to FIG. 10, outer bladder 82 appears (in 
partial view) as configured when module 16 of inflatable 
structure 10 (FIGS. 1-6) is in the deployed, inflated mode, 
with associated components being omitted for clarity in illus- 
tration. Because the inner module 14 nests concentrically 
within the outer module 16, the inside diameter of outer 
bladder 82 is substantially equivalent to the outside diameter 
of the inner bladder 8 6 (FIG. 9) and the inner restraint layer 84 
(FIG. 11). 

Referring now to FIG. 11, inner restraint layer 84 is of a 
toroidal configuration similar in size to that of inner bladder 
86 (FIG. 9). Port 60, shown in FIGS. 4-6 and 14, is formed 
through the outer sidewall portion of inner restraint layer 84 
and inner bladder 86. As with FIGS. 9 and 10, the diagram- 
matic representation of restraint layer 84 in FIG. 11 is shown 
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in an expanded, deployed configuration, with associated 
components omitted for clarity of illustration. The upper and 
lower central openings of the inner restraint layer 84 and the 
inner bladder 86 (located near interface rings 1 02 and 1 04) are 
positioned in association with each other. 

As shown in FIG. 12, outer restraint layer 80 in this 
embodiment is initially formed of two halves — first and sec- 
ond mating segments 80A and 80B (upper and lower seg- 
ments appear in FIG. 12) — for facilitating assembly. For clar- 
ity of illustration in FIG. 12, the segments 80A and 8 0B are 
diagrammatically represented in an exploded view as they 
would be configured in a full deployment with associated 
components omitted. The first and second segments 80A and 
80B are ultimately connected together to form a toroidal 
configuration, the first segment 80A comprising inner and 
outer, circumferentially extending wall portions 108 and 110 
that project down toward the second segment 80B. Similarly, 
the second segment 8 0B includes inner and outer circumfer- 
ential wall portions 112 and 114 that project up toward the 
first segment 80 A. When connected together and deployed, as 
seen in FIG. 14, the first and second segments 80A and 8 0B 
(FIG. 12) form the toroidal configuration for module 16 
(FIGS. 1-6). 

As shown in FIGS. 11 and 12, the restraint layers 80, 84 
may comprise segments or gores of a flexible, high-tensile 
strength fabric material such as Kevlar® or Vectran® . In other 
embodiments, restraint layers 80, 84 may comprise a web- 
bing of straps, woven together, of high tensile strength, as 
shown and described in the ’010 and ’189 patents. 

With reference to FIGS. 13 and 14, assembly of the 
embodiment begins with the inner restraint layer 84 being 
positioned circumferentially within and connected in a con- 
centric fashion to the two halves of outer restraint layer 80. 
The inner portions of first and second segments 80 A and 8 0B 
are connected to each other and to inner restraint layer 84 by 
stitching 58A and 58B that extends through circumferential 
wall portions 108 and 112 (FIG. 12). 

As shown in FIG. 14, inner bladder 86 is installed within 
the inner restraint layer 84 and retained or indexed in place by 
index ties 120. Similarly, outer bladder 82 is installed within 
outer restraint layer 80 and retained by index ties 122. The 
sequence of bladder insertion during assembly may vary for 
this embodiment. For instance, the outer bladder 82 may be 
inserted into the interior volume of the outer restraint layer 
first, followed by the insertion of the inner bladder 86 into the 
interior volume of the inner restraint layer, or the sequence 
may be vice versa. However, only after the outer bladder 82 is 
installed and indexed should circumferential wall portions 
110, 114 be interconnected by stitching 116, 118 (FIG. 13) to 
enclose the interior volume of outer restraint layer 80. 

The structural pass-through or port 60 (FIG. 14) is formed 
by aligning the structural pass-through of the interior circum- 
ferential wall portions 108, 112 with the structural pass- 
through of the common sidewall of inner restraint layer 84 
and inner bladder 86. This step of the assembly process may 
require inflation of the interior volume of each bladder to 
enable entry of such interior and alignment of the port. 

Thereafter, and with continued primary reference to FIG. 
14, the resulting assembled structure is placed over the inner 
core assembly 18. The core assembly 18 extends coaxially 
through the upper and lower central openings defined by the 
inner diameters (the center) of inner restraint layer 84 and 
inner bladder 86. The upper and lower interface rings 102 and 
104 (FIG. 9) are positioned at its respective upper and lower 
annular sleeve portions 28, 26. The interface rings 102 and 
104 are then operatively connected, by welding, bolting, etc., 
to the adjacent upper and lower annular sleeve portions 28, 
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26, respectively, thereby affixing the inner bladder 86 to the 
core assembly 18. The inner restraint layer 84 also extends 
circumferentially around the periphery of the upper and lower 
sleeve portions 28, 26 of inner core assembly 18 and is affixed 
5 thereto by means of connecting mechanisms as shown and 
described in the ’010 and ’189 patents. 

FIGS. 15-17 represent yet another embodiment for pre- 
assembly (before transport and deployment) of the inflatable 
structure 10. As seen in FIG. 15, after inserting the inner 
10 bladder 86 within the interior of inner restraint layer 84, the 
outer bladder 82, in a generally circular, planar configuration, 
is placed over the inner restraint layer 84 and inner bladder 8 6 . 
For this embodiment, the outer periphery of the upper seg- 
ment 80A of the outer restraint layer 80 is rolled up and away 
15 from the bottom segment 8 0B and may be placed over the 
outer edge portions of the imier restraint layer 84. Conversely, 
the outer bladder 82 is rolled up such that its innermost 
peripheral portion is positioned near the inner perimeter of 
the restraint layer 80. 

20 Referring primarily now to FIG. 1 6 , the outer bladder 82 , i s 

lowered onto the lower segment 80B of the outer restraint 
layer 80 and then unrolled outward such that the bottom 
surface of the bladder 82 spreads over the upper surface of 
lower segment 8 0B. Bladder 82 is then affixed and indexed to 
25 the lower segment 80B, such as by the index ties 122. 

The upper restraint layer segment 80A is next unrolled over 
the upper surface of the outer bladder 82, as seen in FIG. 17, 
and similarly affixed and indexed by index ties 122. The outer 
peripheral edge portions of the upper and lower restraint layer 
30 segments 80A and 8 0B are then fastened together, such as by 
stitching 116, 118 (or other fastening means) previously 
described and shown in FIG. 14, to enclose the outer bladder 
82 and protect its exterior from the surrounding environment. 

During pre-assembly of the inflatable structure 10, partial 
35 or full inflation of the inner and outer modules 14,16 enables 
a worker to enter the modules and complete close out work on 
the structural pass-through 60 and any other systems. Once 
full inflation and deployment of the structure of FIG. 17 
occurs, the outer restraint layer 80, outer bladder 82, the inner 
40 bladder 86 and the inner restraint layer 84 all expand to form 
the toroidal configuration previously seen in and described 
with respect to FIGS. 1-6. Once pre-assembled for transport 
and delivery, the various embodiments of the inflatable struc- 
ture 10 may be moved to a location for deployment as a 
45 habitat, laboratory, storage facility, or the like. 

By having at least two, circumferentially nested, generally 
toroidal modules, the inflatable structure 10 provides larger 
interior volume and capacity for construction of multiple 
interior compartments with lesser circumferential forces 
50 exerted upon the wall structure than a single inflatable cylin- 
drical module having an outer diameter of similar dimension 
as the overall diameter of the nested construction. Lesser 
circumferential forces are exerted on the walls of the nested 
structure because such circumferential forces are a function 
55 of the minor diameter of each toroid for the nested toroidal 
module, whereas for a single cylindrically shaped module, 
such circumferential forces are proportional to the major 
diameter of a cylindrically- shaped module. Thus, for a nested 
structure having an overall diameter of a given value, the 
60 minor diameter of the toroid module should be a lower value 
(because at least two such toroidal modules are used) than the 
value of the major diameter of the single cylindrical module 
having a correspondingly similar overall dimension. Accord- 
ingly, the use of two or more circumferentially nested toroidal 
65 modules achieves efficiencies of scale and deployment. 

With respect to space applications in particular, because 
the inflatable structure may be transported to a particular 
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location in a deflated, collapsed mode that is relatively com- 
pact and later deployed (by inflation) at a desired location to 
provide a self-supporting structure of substantial size, it per- 
mits the convenient transport and deployment of space mod- 
ules of size and interior volume that are substantially greater 
than that of conventional, rigid space modules or compart- 
ments having equivalent initial mass and size. Because avail- 
able space launch vehicles have limits to cargo size and lift 
capacity, embodiments of the inflatable structure 10 may have 
its non-deployed, deflated mode designed so as to fit conve- 
niently within the cargo bay of current or future proposed 
launch vehicles. Further, while the embodiments disclosed 
herein may require some human activity during the deploy- 
ment of the inflatable structure in exoatmo spheric space, such 
human activity should entail substantially less effort and time 
for construction and assembly as compared to a conventional, 
rigid space structure or module of comparable size because 
assembly of the structure primarily concerns simple inflation 
of the module at the desired location or trajectory to form a 
self-supporting structure. Thus, in such difficult environmen- 
tal conditions as are experienced in exoatmo spheric space, 
multiple modules that are simply and expeditiously deployed 
provide a significant advantage. Further, when used as a 
human habitat in locations having a gravitational force, the 
inflatable structure may provide convenient and intercon- 
nected living areas in which its occupants are not required to 
traverse multiple, interconnected modules connected by nar- 
row pathways nor to move up and down among different 
vertical levels but rather horizontally about a one-story envi- 
ronment. 

The inflatable structure 10 may also be used for applica- 
tions requiring transport and assembly of a relatively large, 
self-supporting structure at a remote or environmentally dif- 
ficult region for its ultimate deployment and use because the 
structure is configured to be conveniently pre-assembled and 
loaded in a vehicle for transport to a desired site in its com- 
pact, deflated mode and later deployed efficiently and quickly 
at the desired site. Thus, in addition to space-related applica- 
tions, the inflatable structure 10 may be used in remote ter- 
restrial regions having harsh or adverse climactic conditions 
that disfavor lengthy construction times. Because deploy- 
ment may be accomplished simply and quickly, workers who 
assemble the inflatable structure are not exposed for extensive 
periods to adverse weather conditions during the deployment. 

While only a few exemplary embodiments of this invention 
have been described in detail above, those skilled in the art 
will readily appreciate that many modifications are possible 
in the exemplary embodiments without materially departing 
from the novel teachings and advantages of this invention. For 
example, although some of the embodiments have generally 
been described in relation to applications such as those in 
exoatmospheric space, the invention also has other applica- 
tions, such as in structures intended for use in polar, marine, 
and various other terrestrial environments on Earth. Accord- 
ingly, the scope of the present invention should be considered 
in terms of the following claims, and it is not to be limited 
only to the details of the embodiments and operation 
described in this specification and shown in the drawings. 

Accordingly, all such modifications to the described 
embodiments contained herein are intended to be included 
within the scope of this invention as defined in the following 
claims. In the claims, means-plus -function and step-plus- 
function clauses are intended to cover the structures or acts 
described herein as performing the recited function and not 
only structural equivalents, but also equivalent structures. 
Thus, although a nail and a screw may not be structural 
equivalents in that a nail employs a cylindrical surface to 
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secure wooden parts together, whereas a screw employs a 
helical surface, in the environment of fastening wooden parts, 
a nail and a screw may be equivalent structures. 

5 What is claimed is: 

1. An inflatable structure adapted for deployment in exoat- 
mospheric space, comprising, upon deployment: 

at least two substantially toroidal, inflatable modules, com- 
prising first and second, substantially toroidal, inflatable 
10 modules each having a minor diameter; 

the second module having a major diameter greater than 
that of the first module; 

the first module and the second module being positioned to 
one another in a substantially co-planar relationship, the 
15 first module being nested circumferentially alongside 
the second module; 

means for operatively connecting the first module and the 
second module structurally together; 

a structural pass-through for providing access between the 
20 interiors of the first and second modules, the structural 
pass-through being configured to allow a human occu- 
pant to pass conveniently between the interior volume of 
the first module and the interior volume of the second 
module; and 

25 means for shielding the inflatable structure from at least 
one environmental hazard. 

2. The inflatable structure of claim 1, further comprising a 
core assembly, the first module circumferentially surround- 
ing the core assembly. 

30 3. The inflatable structure of claim 1, further comprising 

means for inflating the first module and the second module. 

4. The inflatable structure of claim 1, wherein the minor 
diameter of the first module is substantially equal to the minor 
diameter of the second module. 

35 5. The inflatable structure of claim 1, further comprising at 

least one additional inflatable toroidal module having, in its 
deployed mode, a major diameter greater than that of the 
second module, the second module being nested concentri- 
cally within and circumferentially alongside the at least one 
40 additional toroidal module. 

6. The inflatable structure of claim 1, wherein the means for 
shielding the inflatable structure from at least one environ- 
mental hazard comprises a layer of protective material 
extending over at least portions of the first and second mod- 

45 ules. 

7. An inflatable structure adapted for deployment in exoat- 
mospheric space, comprising, upon deployment: 

at least two substantially toroidal, inflatable modules, com- 
prising first and second, substantially toroidal, inflatable 
50 modules each having a minor diameter; 

the second module having a major diameter greater than 
that of the first module; 

the first module and the second module being positioned to 
one another in a substantially co-planar relationship, the 
55 first module being nested circumferentially alongside 
the second module; 

means for operatively connecting the first module and the 
second module structurally together; and 

a structural pass-through for providing access between the 
60 interiors of the first and second modules, the structural 
pass-through being configured to allow a human occu- 
pant to pass conveniently between the interior volume of 
the first module and the interior volume of the second 
module. 

65 8. The inflatable structure of claim 7, further comprising a 

core assembly, the first module circumferentially surround- 
ing the core assembly. 
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9. The inflatable structure of claim 7, further comprising 
means for inflating the first module and the second module. 

10. The inflatable structure of claim 7, wherein the minor 
diameter of the first module is substantially equal to the minor 
diameter of the second module. 

11. The inflatable structure of claim 7, further comprising 
means for shielding the inflatable structure from at least one 
environmental hazard in exoatmo spheric space. 

12. The inflatable structure of claim 7, further comprising 
at least one additional inflatable toroidal module having, in its 
deployed mode, a major diameter greater than that of the 
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second module, the second module being nested concentri- 
cally within and circumferentially alongside the at least one 
additional toroidal module. 

13 . The inflatable structure of claim 11, wherein the means 
5 for shielding the inflatable structure from at least one envi- 
ronmental hazard comprises a layer of protective material 
extending over at least portions of the first and second mod- 
ules. 



